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One of the major difficulties in doing cost-benefit analysis of a development project is to estimate the total economic value of project benefits, which are usually multi-dimensional and include goods and services that are not traded in the market. Challenges also arise in aggregating the values of different benefits, which may not be mutually exclusive. This paper uses a contingent valuation approach to estimate the economic value of a non-motorized transport project in Pune, India, This paper-a product of the Environment and Energy Team, Development Research Group-is part of a larger effort in the department to understand and improve environmental governance in developing countries.. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at hwang1@worldbank.org. across beneficiaries. The heads of households which are potentially affected by the project are presented with a detailed description of the project, and then are asked to vote on whether such a project should be undertaken given different specifications of costs to the households. The total value of the project is then derived from the survey answers. Econometric analysis indicates that the survey responses provide generally reasonable valuation estimates.
Introduction
One of the major difficulties in doing cost-benefit analyses of development projects is to estimate total values of the project benefits, which are usually multi-dimensional and include goods and services that are not traded in the market. Take a non-motorized transport (NMT) project for example. The major benefits may include improving travel convenience and safety, reducing congestion and saving time, improving environmental quality, and reducing driving costs. Most of the benefits, however, are nonmarket goods and cannot be easily valued 2 . Even if an economic value can be estimated for each of the project benefits, the final aggregation may still face a number of issues such as double counting. One potentially feasible solution to estimating the total value of a development project can be the contingent valuation (CV) method, with which a survey can be designed and implemented to collect preference information of the potential project beneficiaries and a total value of the project in monetary terms can be inferred.
As the utility level of a respondent should be affected by the various aspects of the multidimensional benefits associated with a development project, a CV survey can be so designed that a respondent is required to consider a total value of the benefits of the project for his/her family.
After 50 years of research in the area of non-market valuation, the CV method has been developed from its initial controversial stage to a legitimate and most popular valuation approach,
given that a number of survey design and execution requirements are satisfied. The CV method has been successfully developed and applied in the area of environmental economics, but has not been well tested in estimating the total value of a transport project. As a big part of the benefits of a transport project, such as time savings, improvements in environmental quality and public health, increased land value, etc., are not generally traded in the market, no such information on market demand or competitive market prices is readily available, especially in developing countries. Therefore, development and use of the CV method can be very important for costbenefit analyses of transport projects in developing countries.
This paper reports a contingent valuation study of an NMT project in Pune, India.
Recently, it has been proposed to have the World Bank finance an NMT project under India's Sustainable Urban Transport Program (SUTP) which aims to improve road conditions for pedestrians and cyclists. A CV survey is developed and applied to potential beneficiaries of the Pune NMT project 3 , and an internal validity test on the WTP estimation is conducted. This study has also tested the heteroskedasticity assumption in WTP modeling which has been mostly neglected in the literature.
The paper is organized as follows: in the following section, we briefly review existing literature on CV from various threads, especially the application of CV method in transportation sector and the evolution of heteroskedasticity treatment in recent years. In section 3, we introduce the policy context, goal and proposed activities of Pune NMT project and the potential benefits this project may generate. Section 4 summarizes the survey design and implementation, the WTP elicitation strategy, and the descriptive statistics of major questions in the questionnaire. In section 5, we present our analytical framework that accommodates heteroskedasticity assumption in payment card (PC) elicitation strategy. The estimation results are also shown in this section.
Section 6 discusses and concludes the paper.
Literature Review
The CV method is principally developed and established in the area of environmental economics; however, application of the CV approach in the transport sector has become more widespread over the past decade. Feitelson (1996) examined the effects of aircraft noise following an airport expansion by using the open-ended (OE) CV approach. Verhoef (1997) asked respondents the minimum time gains they required for a certain road process, the answers to which implied a maximum WTP for time gains. Painter (2002) In the CV literature, some studies relying on conventional elicitation strategies, such as OE questions and one bid DC questions, have acknowledged and tested the heteroskedasticity assumption in error terms. For example, Lanford (1994) detected the presence of over dispersion of un-observables which may lead to biased parameter estimates or overestimated significance levels in DC models. Cameron (2002) found that dispersion of error terms vary systematically with elicitation models across elicitation techniques including OE, DC, PC, and multiple bounded discrete choice strategies (MBDC), based on results from split-sample design. Violation of homoskedasticity assumption does not result in biased or inconsistent coefficient estimates in OE ordinary linear square models, but it may cause the variance of the coefficients underestimated.
Thus weighted least square regression is often used to correct heteroskedasticity in such models in order to judge the true relationship of significance. One bid DC models that fail to represent empirical heterogeneity in variance, however, may yield substantial bias or inconsistency in coefficient estimates as well as WTP estimates (Halvorsen, 1998) . Horowitz (1993) argued that if the specified distribution function is qualitatively different from true data generation process, i.e., error dispersion is not drawn from the same distribution, the bias in coefficient estimates based on maximum likelihood estimation could be substantial. Their finding is consistent with another study by Gourieroux (1984) that estimation of discrete choice models are suggested quite sensitive to distribution error term assumptions. This study considers the role of heteroskedastic variance in WTP estimation based on the payment card approach, in which respondents are asked to present their WTPs as intervals.
NMT Project in Pune
Pune, located near the west coast of India, is the eighth largest metropolitan city in the 
WTP elicitation
Before answering the question on WTP for NMT road renovation, respondents were provided with the key goals and objectives of the project, the background and rationale for the CV scenario, potential payment vehicle, which is part of the electricity bill, and the possible impacts of the project on their households in near future (Appendix 1). The project activities were reiterated to stress the fact that the project would bring about a significant improvement over the current situation. We want to make sure the respondents are reasonably familiar with the major concerns associated with the project and therefore able to consider these thoughtfully in a personal context.
In the questionnaire, the respondents were told that in order to complete this project, it is necessary to invest large sums for which the government will require new sources of financing.
We told the respondents that "Given that the PMC cannot cover all the cost for improving the transport situation in Pune, it is only reasonable that some additional fees be collected from households like yours. Every effort will be made to ensure the fees collected be solely used for this project. The purpose of the survey is to determine how strongly citizens like you will support this transportation project which may introduce some cost to the household." The respondents were told that "if the total fee collected from the households like yours is enough for the project, the project will be implemented and will be implemented properly. If the fee collected is not enough, this project will have to be cancelled." The respondents were told that once this project passes a referendum, a special urban construction fee, which will be solely used for the project, will be charged to the household through the electricity bill or other utility bills.
Respondents were then asked to think of their income and other necessary expenditures of the household in the future on food, clothes, transport, and entertainment, etc. before they select their WTP answers in the payment card. Respondents were told that all potential costs to a household are listed, from 0 to a very large number that nobody would like to pay. For each cost, respondents were asked to give an answer. The cost is the total payment that the household would have to make for this project, but can be made monthly in the next two years, or 24 times.
Respondents were reminded that there is no right or wrong answer and we only want an honest answer from the respondent. To minimize the starting point bias, the enumerator did not necessarily begin at zero and proceed sequentially. In an attempt to help the enumerator select the starting point in the PC, respondents, in an earlier question, were asked to state their average monthly electricity bill. As the electricity bill is a fairly good indicator of the standard of living of the household, it was decided to take 30 % of the household electricity bill as the starting cost price bids ranging from 0 to 1000 Indian Rupees per month. Respondents were randomly assigned with one of these three PCs across entire samples. In the main survey, however, we found only 4% respondents assigned to payment card Version B ever chose "Not Sure", and 8% respondents assigned to payment card Version C made circles at "Probably Yes", "Not Sure" or "Probably No". All the rest of respondents in latter two elicitation strategies simply ignored intermediate answers which revealing their answer uncertainties. As a result answers in all three WTP elicitation strategies are converged to conventional payment card and information of the lower bound and upper bound an individual was willing to pay was able to be utilized in the final WTP estimation. Table 2 gives the standard payment card design.
Descriptive statistics
1,512 responses were collected, and Table 3 summarizes the statistics of the major variables that may influence WTP for these 1512 respondents. These variables were grouped into Statistics showed that 82.74% respondents were male. Average age of the respondents was 43 years old. 92% of respondents reported Hindu as their religion, and 89% were married.
Approximately one third of respondents had undergraduate diploma or higher, very few of them currently inactive in labor force (6%). Average household size was 4 persons. On average it takes 14.6 minutes of walking from home to the nearest roads to be renovated.
The average monthly income of the households that participated in our survey was approximately 9.58 thousand Rupees 5 (equivalent to 192 USD). Electricity bill accounted for about 5% of total household income, and 11% of income was spent on transportation associated activities.
On matters pertaining to transportation, 47% people viewed transportation as one of the top three most important problems that Pune needs to urgently address, while the top transport related issues were road congestion, maintenance and safety. According to the respondents, the 5 One India Rupee equals to roughly 0.02 US Dollar.
most favorable option for reducing traffic congestion and transport related air pollution was improving public transportation and stricter enforcement of vehicle emission limits. 99% of the respondents said that improving current transport of the city was important or very important.
73% of the respondents had family members who used public transport last month and most of them said it was not easy to access to the public transport system. Over a half of the households reported two-wheeler as the most frequent transportation mode, and 70% families used twowheeler in last two months. Almost all of the respondents were aware of BRTS in PUNE and 77% of them had family members who used the BRTS last month in various ways, but most of them (73%) were not satisfied with their experience in using BRTS. 62% of the respondents thought the BRTS were very useful or somewhat useful, and 76% agreed that it's good idea for
Pune to construct more BRTS type of roads.
33% respondents said the roads around their home were worse than the average road in Pune shown in the picture (Appendix 2). For 41% of the respondents, they witnessed some accidents in the NMT project affected streets in the past 3 months. 77% of the respondents thought the project is useful to their families and 90% said the project would be very important or somewhat important to their families. Only 30% of the respondents asserted that PMC could do a good job in managing the implementation of the project. Population confidence in money collection feasibility was not very high as well: only 11% stated that PMC would not have any problem at all to collect money and another 39% believed there will be some problem but it was still possible.
Various impacts of the NMT project were explored during survey. 17% respondents said the project would have significant positive impacts on city environment, 15% said the streets would be a lot safer after renovation, and a third of them thought people's health would be significantly improved as people walk or cycle on the renovated roads more. The direct income effect of the NMT project is deemed marginal: only 10% stated their household income would be increased as a result of road construction. Majority of households stated that they would use renovated streets in various ways including walking, cycling, driving or taking bus.
All the above 5 broad categories of major explanatory variables would be included in the maximum likelihood function for WTP mean  estimation. To estimate WTP standard deviation , we would also include a unique set of variables revealing personal perception on future uncertainty. We hypothesized that individual WTP dispersion increases when a person has relatively higher uncertainty in the specified commodity or in the future expectation associated with purchase capabilities. Two indicators were therefore generated to represent personal degree of future uncertainty: whether or not respondent knew how to use roads after construction, and whether or not respondent had faith in their household future income increase. Concerning the degree of certainty that respondents had with respect to future use of roads after construction, statistics shows that 28% respondents were not sure about which activity the household would use most. A smaller proportion (18%) of respondents was uncertain regarding the expectation of future household income growth.
Analytical Framework and Estimation Results
As stated above, each of the respondents has a lower value on the payment card where a "yes" answer is recorded and an upper value where a "no" answer is recorded. Modeling this double bounded payment response can be built upon the double bounded dichotomous choice model introduced by Hanemann (1991) and conventional payment card approach developed by Mitchell and Carson (1981) . Combining the advantages of both strategies, the double bounded payment card can be more efficient because it not only asks individual preference at a lengthy list of price bids, as the payment card approach does, but also progressively narrows WTP down to a narrower and more accurate bid interval, as the double bounded discrete choice model does. 
We may assume F(t) a specific distribution function, for example, normality, with unique The alternative is a homoskedasticity model which assumes all respondents share same . ) degrees of freedom. Table 4 shows the categories of WTP responses among 1512 respondents in the sample, which include protect bids, zero and negative bids, zero/very small positive bids (between 0 and 10 rupees, the lowest price in the payment card), and significant positive bids. In order to distinguish protest bids from valid positive WTP responses and investigate their motivations, we asked a follow-up question for those respondents why they said "no" to the price of zero (Appendix 3). Among the 10 statements provided, 5 were classified as valid answers for zero/negative WTPs, and the other 5 were classified as protesting to the WTP scenario. Based on the answers to the follow-up questions, 41 responses were identified as protest bids, 59 as negative bids and 124 as true zeros. To better understand the protest bids, we did binary Probit analyses on those who said "no" to the price of zero, and the results are reported in Table 5 . In general, the results are consistent with expectation. If a respondent was with high income or bad current condition of roads close to the household or thought that the project was useful or that the project might generate positive impact on their income but still gave a negative response to the price of zero, the answer is more likely a protest bid.
Estimation Results -WTP Categories
A total of 1,286 respondents were willing to contribute some positive values to the proposed project. Despite the high participation rate in the proposed NMT project (85%), it did not translate into high WTP. Among the 1,286 respondents, 841 were only willing to pay very limited amount ranging between 0 and 10 Rupees per month; another 445 reported at least 10
Rupees per month as their WTP lower bound. Two observations do not have complete information on WTP, and they need to be removed from further analysis.
INSERT TABLE 4
INSERT TABLE 5
Estimation Results -WTP distribution estimation
The distribution of aggregate WTP curve based on the response of lower bound price bid in PC is illustrated in Figure 1 . For each price listed as the minimum value that a respondent would vote for, the fraction of such respondents out of total 1286 was provided. Roughly two thirds (65%) of positive WTP respondents were willing to pay a very limited positive amount of something between 0 and its adjacent price 10. The percentage of respondents who reported positive lower bound answers dropped dramatically as price went up, indicating the underlying WTP for majority respondents were relatively small amounts.
INSERT FIGURE 1 
INSERT TABLE 6
Under heteroskedasticity distribution assumption, we hypothesized that WTP distributions are likely to be more dispersed as WTP going up because WTP for some respondents may be high enough to make them indifferent to a range of values around the mean.
Therefore the estimated  becomes a natural regressor in  equation. In addition, the WTP elicitation design in our study was such that the intervals between two adjacent listed prices on PC were not a constant, but rather exponentially increased. Then, there should be a design effect on the correlation between the WTP mean and the variance. Alberini et al (1997) treated variance as a function of the distance between WTP and bid price provided to respondents. We also incorporated the difference between WTP lower bound and upper bound in the  estimation as a replacement of  .
We started with benchmark model 1, which included full set of regressors and assumed variance heterogeneity is captured by determinants of  and individual uncertainties. An effective sample of 1,272 respondents who were willing to pay some positive WTP was analyzed.
Based on the estimation results of this benchmark model, simulated average positive WTP for NMT project is 20.91 Rupees per month or $10 in two years, and the 95% confidence interval is 19.09-22.75 Rupees per month among population that were willing to finance the project.
In model 1, it is assumed that those who are willing to pay zero or a very small amount behave in the same way as those who are willing to pay a significant positive amount. In order to better understand the difference, we conducted sub-sample experiments using 437 respondents who were willing to pay more than 10 Rupees per month, with three alternative models under same heteroskedasticity assumption. Results were listed in subsequent column 4-column9 in  were quite consistent in four alternative heteroskedasticity models, and WTP varied generally in logical ways with most explanatory variables and had substantial face validity. Among individual demographic explanatory characteristics, religion, education levels and labor force status were found significantly associated with WTP levels. The coefficient of home distance to nearest renovated road, however, switched its sign from significantly positive in full sample analysis to significantly negative in sub-sample analysis. This indicated that the unexpected positive relationship between distance and WTP was primarily driven by WTP responses from people who were willing to pay merely a very small amount. In general households living nearby should be willing to spend larger amount on the project because they were supposed to benefit more. As for household economic status, we may expect richer households would spend more if road construction is a normal good. This was confirmed by positive and significant estimates of household income, travel expense, and electricity bill 6 . Households whose current transportation mode was two-wheeler were willing to pay 30%-40% more than other transportation mode users.
The current condition of the roads around home in general did not affect the level of WTP. The sign of people's perception on project usefulness indicated an insignificant and negative relationship with WTP in benchmark Model 1, but the sign changed to its opposite in three subsample models and the significance level substantially increased in Model 4. As for the capability of project operation, the positive sign suggested that people did seriously consider this issue and such confidence led them to pay 6-10 Rupees more per month relative to incredulous respondents.
Among the variables of project future impact, the effects of direct income increase, environmental benefit and street safety were mixed depending on the sample analyzed, while personal health improvement and future street use were consistently associated with respondents' valuation of the project across four heteroskedasticity models 7 .
Regarding distribution standard deviation  estimation equation, most significant variables that appeared in  estimates were shown significantly correlated with in benchmark Model 1. This supported our prior hypothesis that estimated WTP captured a large portion of the distribution heterogeneity. The difference between WTP lower bound and upper bound was also illustrated a significant and positive relationship with WTP standard deviation, confirming our second hypothesis that WTP variation was partly picked up by the pre-set payment card intervals.
The increased log likelihood suggested that incorporation of WTP in  estimate in Model 2 and The last four columns of 
Conclusion and Discussion
This paper presents a contingent valuation study of non-motorized transport (NMT) project in Pune, India, which has multi-dimensional benefits, including public health, safety, environment, congestion and convenience, etc. The respondents are presented with a detailed description of the project: the current status and use of the roads, the project activities and objectives, the potential project impacts, etc., and then are asked to vote on whether or not to have such a project under a list of costs to the households. The respondents are reminded that if the project passes the referendum with a total payment higher than the project cost, the project will be implemented and the payments will be enforced by the government via the electricity bill, but if the total payment is less than the project cost, the project would not be implemented. As this study is based upon a real development project under consideration, the respondents are found to take the survey seriously. The econometric analyses show that the survey responses are generally reasonable and are consistent with economic theories.
In the design and implementation of the study, the respondents are assumed to have Protest bids: respondents who gave a negative answer to the price of zero and chose one of the following as the reason: "I should not pay; it is government's or other persons' responsibility", "I disagree with the project design", "I would need more information or time to think about the issue", "I think only 'user fees' should be charged to finance the project", and "I don't trust the government"
Negative bids: respondents who gave a negative answer to the price of zero and responded "yes" to the reason "the project has negative impact on my household"
Zero bids: respondents who gave a negative answer to the price of zero and chose one of the following as the reason: "the project is not useful or important to me", "I do not have money", , "I am not interested in this project", and "I am satisfied with the current situation"
Zero or very small WTP (between 0 and 10 (monthly)): respondents who said "yes" to the price of zero but "no" to 10 rupees, the lowest price listed in the payment card 841 (55.62%)
5
Significant positive bids: respondents who said "yes" to the price of 10 rupees, the lowest bid in the payment card.
(29.43%) 6
Missing WTP information 2 (0.13%) Total 1512 
Appendix 1
Excerpts from the Questionnaire
PUNE SUTP NMT Project
The Pune Municipal Corporation (PMC) is committed to tackle the transportation problems faced by the citizens. PMC recognizes the problem with the current BRTS and is trying their best to fix the issues. In the mean time, PMC is considering a non-motorized transportation project (NMT) and asking for financial assistance from the World Bank. The primary work of this project is to improve the quality of some of the feeder roads to the BRT system, so that pedestrians and cyclists can have better access to the BRTS.
The key objectives include:
1)
Facilitating the integration between BRTS and non-motorized transport;
2) Improving safety and comfortable environment for non-motorized transport;
3) Using the "raised crosswalk" concept and underpasses for both pedestrians and cyclists to connect important BRT stations and non-motorized transport clientele;
4)
Formulating an integrated solution in the form of a network for non-motorized transport
Project Finance
In order to complete this project, it is necessary to invest large sums for which the Government will require new sources of financing. Given that the PMC cannot cover all the cost for improving the transport situation, it is only reasonable that some additional fees be collected from households like yours. Every effort will be made to ensure the fees collected will be solely used for this project. The purpose of this survey is to determine how strongly citizens like you will support this transportation project which may introduce some cost to the household. In other words, we want to know how much is the maximum increase in household expenditure you are willing to have in order to ensure that you have the proposed improvement in transport service . If the total fee collected from the households like yours is enough for the project, the project will be implemented and will be implemented properly. If the fee collected is not enough, this project will have to be cancelled.
Willingness to Pay Question (Payment Card)
As said, once this project passes a referendum, a special urban construction fee, which will be solely used for the project, will be charged to your household through the electricity bill or other utility bills from your household. Think of the project we just described and think of your income and other necessary expenditures of your household in the future on food, clothes, transport, and entertainment, etc.. Now suppose you have an opportunity to vote for such a project which would involve a certain cost to your home. Remember, if the majority of people voted for the project, the project would go into effect and every household would have to pay. If the majority of people voted against the project, no one would have to pay and the project would be called off or postponed.
We will list all potential costs to your households from 0 to a very large number that nobody would like to pay. For each cost, we would like to see how likely you would vote for the project.
The cost is the total payment that your household would have to make for this project, but can be made monthly in the next two years, or 24 times. As said before, this would be collected as an additional urban construction fee through the electricity bill or other utility bills that you would have to pay.
Can you please tell me what the electricity bill of your household was last month?
[Show and explain the payment card]
Please take a look of the card. For each cost, we will need an answer from you. There is no right or wrong answer; we only want an honest answer from you.
[Enumerator: Please start from the monthly cost number which is close to around 30 % of the electricity bill.]
Are you going to vote for this project? Please circle an answer for each of the possible costs.
[Show and explain the set of pictures of improved situation after project implementation.]
This project aims to provide better access to urban activity centers for pedestrians and cyclists and make the Roads a safer place for them to travel. Separate lane for cyclists and pedestrians, wide roads, leveled pavements free of debris and other material will make walking & cycling attractive alternatives to using motorized vehicles. Visual signs in the form of road markings, signage, would be put up and distinctive paving material used .The facilities which are created specially for pedestrians & cyclists would also make motor vehicle users conscious of the rights and privileges of the pedestrians & cyclists on the road. A more equitable distribution of road space would be sought to be achieved for motorized and Non-Motorized traffic. The whole project will be enthusiastically promoted to encourage citizens to use the facilities created for them.
